tributaries. Eastern Least Terns from the USA and Interior Least Terns leave their breeding grounds in the late northern summer-early fall to spend the non-breeding months along the coasts of northern South America, including Brazil (GOCHFELD & BURGER 1996 , THOMPSON et al. 1997 , JOHNSON et al. 1998 , DRAHEIM et al. 2010 .
Until recently, the Least Tern was regarded as an exclusively Nearctic migrant to Brazil because birds with North American bands were recovered in this country and no breeding colony was ever discovered (PINTO 1938 , 1964 , SICK 1985 , 1997 , OLMOS 2002 . However, a colony of 60-70 pairs was found breeding on an estuarine island in the State of Maranhão, northern Brazil, during May-July 2008 (RODRIGUES et al. 2010 . This information promptly led to changing the status of the Least Tern in the most recent check-list of Brazilian birds, from 'visitor' to 'resident' species (CBRO 2010) .
Although the Least Tern has been well-studied on its breeding grounds in the USA (see GOCHFELD & BURGER 1996 , THOMPSON et al. 1997 , little information other than distribution records is available for this species in Brazil. In this paper we review existing data on the distribution of Least Terns along the Brazilian coast. We also present the results of a year-long study of the seasonal abundance of Least Terns on a large tidal flat area, Cajuais Bank, north-eastern Brazil. We were particularly interested in evaluating whether the observed variation in the abundance of terns was consistent with the occurrence of a breeding colony nearby, or whether it resulted from movements of migrants from the Northern Hemisphere.
MATERIAL AND METHODS
We compiled information on the distribution and abundance of the Least Tern in Brazil from the literature, specimens deposited in collections in Brazil and abroad, and our own fieldwork. Information on relevant specimens (i.e., high resolution photographs, measurements, labels data etc.) at the Naturhistorisches Museum Wien, Austria, and the Field Museum of Natural History, Chicago, USA, was made available to us by the curatorial staff (see Acknowledgments). We also examined a specimen at the Universidade Federal de Pernambuco, Recife, Brazil (CARLOS et al. 2005) .
During a one year-period, from October 2008 to September 2009, a daily count during three consecutive days per month was carried out at Cajuais Bank (04°41'S, 37°21'W) in eastern Ceará. The area is the largest intertidal platform of this State. Low tide exposes huge mud flats (up to 2 km seaward), thus providing a vast roosting/forage area for sea-and shorebirds. The site is located on the semi-arid part of the north-eastern coast of Brazil, a region characterized by an irregular and unpredictable rainy season (usually February-May) and very dry conditions during the second half of the year (CAMPOS et al. 2003) . Only one count was performed at the study area in April 2009 because heavy rains made access to the site difficult and dangerous.
Because the coastal zone of Ceará is flat, river mouths form extensive estuaries, but due to the limited rainfall regime, these estuaries are hypersaline during most of the year. Low riverine freshwater discharge results in relatively low-nutrient coastal waters, but stable, high temperatures (average is 28°C year-round), together with diverse habitats along the extensive and shallow shelf (e.g., seagrass beds, coral reefs, mangroves etc.) create an environment with high species diversity (CAMPOS et al. 2003) .
Fieldwork was always carried out in good weather conditions, on foot, and during a diurnal low tide. Terns concentrate at the outer edge of the tidal flat at low tides, being easily counted with binoculars (7 x 45 mm) and spotting scopes (20-60 x 160 mm). As the tide comes in, the birds leave the area (pers. obs.), probably to roost in adjacent inland habitats and/ or to forage in nearby waters. To assess seasonal patterns in the abundance of Least Terns at Cajuais Bank, we defined the Southern Hemisphere seasons as spring (September-November), summer (December-February), fall (March-May), and winter (June-August).
While in non-breeding areas, migratory Least Terns may be confused with the morphologically-similar Yellow-billed Tern Sternula superciliaris (Vieillot, 1819), which occurs mainly along large rivers east of the Andes in South America, but often wanders to seacoasts during the non-breeding season. Although a primarily fresh-water species, the Yellow-billed Tern has been reported to nest on coastal habitats of north-eastern and southern Brazil (SICK 1997 , CARLOS 2009 ). As Yellow-billed Terns have been reported from eastern Ceará (GIRÃO et al. 2008) , we were especially careful while counting the birds, to avoid misidentifications.
Juveniles, immature and non-breeding adults of Least and Yellow-billed Terns exhibit a rather similar plumage pattern, but the Least Tern has a dark-colored bill, whereas the Yellowbilled has a mostly yellow bill with a dark tip and an obvious dark patch around the nostrils. Breeding individuals of both species have only slight plumage differences, of which the amount of black on the wing-tip appears to be a good, although not infallible, criterion to separate them. In the Least Tern the two (rarely three) outermost primaries are dark, compared with three (rarely two-four) in the Yellow-billed. In the Least Terns, the bill is yellow with a dark tip in the breeding season, but in some individuals it is entirely yellow. Breeding Yellow-billed Terns always have completely yellow bills (MASSEY & ATWOOD 1978 , THOMPSON et al. 1997 , HAYES 2001 .
At least during one of the three monthly counts, we differentiated terns between breeding and non-breeding individuals, based on the criteria cited above, and the following head plumage-pattern, after MASSEY & ATWOOD (1978) and THOMPSON et al. (1997) . Non-breeding birds exhibit a white forehead, lores, and crown with variable black flecking. Breeding birds have a black cap and nape with a well-defined white forehead area extending backward on the sides of the crown to above the eye; the black of the crown extends forward through the eye and lores to the base of the upper mandible.
RESULTS

Review of Records and Abundance
The Swiss-Brazilian naturalist Emil A. Goeldi, in his 'Álbum de aves da Amazônia' (GOELDI 1904: pl. 1, fig. 8 ), provided an illustration of a breeding-plumaged Least Tern, but offered no further details. This appears to be the first indication of the species occurrence in Brazil. Ten years later, the German-born Brazilian ornithologist EMILIE SNETHLAGE (1914) not only cited the work of Goeldi, but also listed three specimens in the collections of the Museu Goeldi of Belém, two males and one unsexed individual, all from Ilha dos Machados (= Ilha Machadinho), a small island 9 km off the northern side of Marajó Island in the State of Pará (Fig. 1 ). E. SNETHLAGE (1914) provided no further details as to the name of the collector of the specimen, collection number, date of collection, or age/ plumage type, but these were still preserved in the Museu Goeldi, at least up to the late 1900s, as it can be inferred from the work of HENRIQUES & OREN (1997) on the birds of Marajó.
The ornithologist Othmar Reiser, who in 1903 participated in an Austrian expedition to north-eastern Brazil, recorded the Least Tern while on the coast of the State of Piauí (REISER 1905 (REISER , 1910 . He and the taxidermist Johan Santarius collected five birds in sand dunes near Amarração (currently Luís Correia; Fig. 1 ), all of which are still extant in the Naturhistorisches Museum Wien (E. Bauernfeind in litt. 2010). Three birds were taken on September 14, two of which (NMW 38, 726 and 38, 727) are nonbreeding males with black bills, while the other (NMW 38,728) is a juvenile with mottled pale-brown feathering on the back and upper-wings, and a dark carpal bar on the leading inner edge of the wing. The next day, a male (NMW 38,730) and a female (NMW 70,522), both in breeding plumage, were collected. Probably due to its wholly yellow bill, male NMW 38,730 has subsequently been considered to be a Yellow-billed Tern, and the name on the original label has been changed accordingly (judging from the handwriting by Reiser himself; E. Bauernfeind in litt. 2010). However, based on examination of the coloration of outermost primaries, we are of the opinion that Reiser's original identification was correct.
In July 1923, the German ethnographer Emil-Heinrich Snethlage, in association with his aunt, Emilie, conducted an ornithological expedition through the northeast of Brazil. After his aunt returned to Belém, Emil travelled alone between March 1924 and April 1925 (E.-H. SNETHLAGE 1928a . This two and a half year expedition, most of which spent in Maranhão, resulted in the collection of about 2,000 bird-skins, all eventually deposited at The Field Museum of Natural History (HELLMAYR 1929). On 21 July 1923, two specimens of the Least Tern were obtained from coastal swamps near São Luis (Fig. 1) , of which FMNH 64,083 is a non-breeding female, while FMNH 64,084 is a female in breeding plumage and wholly yellow bill. HELLMAYR (1929) , who studied the material collected by E.-H. Snethlage initially thought these specimens were Yellow-billed Terns, but later changed his identification (HELLMAYR & CONOVER 1948) .
Subsequent authors (e.g., MURPHY 1936 , PINTO 1938 , 1964 , HELLMAYR & CONOVER 1948 , SICK 1985 either directly or indirectly included Brazil within the Least Tern's non-breeding range, almost exclusively on the basis of the above-cited specimens. This inference is based on the fact that no published record of this tern in the country appeared until the second half of the 1980s, when TEIXEIRA et al. (1986) reported an undated specimen (MNRJ 18, 846) in the Museu Nacional, Rio de Janeiro, collected in Angra dos Reis (23°00'S, 44°18°W), State of Rio de Janeiro, a place situated more than 2,000 km away from the nearest locality known for the species at that time (i.e., Amarração in Piauí). However, this specimen, collected by parasitologists Olympio. O.R. da Fonseca and Lauro P. Travassos, went long overlooked. Late in 1940, the German ornithologist Adolf Schneider, who headed an expedition of the Berlin Museum of Natural History to Brazil in 1929-40, was asked by João Moojen de Oliveira, then the head curator of the vertebrate section of the Museu Nacional, to reorganize the bird collection of that institution (PACHECO & BAUER 1995) . According to J.F. Pacheco (in litt. 2011), the existing specimens up to that date received collection numbers between 1 and 19,200. Thus it can be concluded that the above-mentioned specimen from Angra dos Reis had actually been collected sometime before December 1940.
From the late 1980s to the present, singles or small groups of Least Terns continued to be occasionally recorded, mainly in September-October, along the coastline from the State of Amapá up to the State of Bahia (HAYS et al. 1999 , CARLOS et al. 2005 , CABRAL et al. 2006 , AGUIAR & NAIFF 2010 , AGUIAR et al. 2010 , XAVIER & BOSS 2011 ; the exceptions being RODRIGUES (2007) and GIRÃO et al. (2008) , who respectively reported flocks of about 100 birds in Maranhão and Ceará, and our data from Cajuais Bank (Fig. 1) . However, in Brazil, the species has been recorded as far south as 30°S in the State of Rio Grande do Sul (ALDABE et al. 2010 , SANABRIA & BRUSCO 2011 . It is worth mentioning that the Least Tern is also known from a single record each in Uruguay (ROCCHI 2011) and Argentina (OLROG 1969) .
In addition to the historical specimens, the only addi- (PINTO 1938 , 1964 , SICK 1985 . Only SICK (1997) regarded the Least Tern as a separate species. This induced VOOREN & BRUSQUE (1999) to re-interpret the record from Rocas Atoll as an occurrence of the Least Tern, also leading the Comitê Brasileiro de Registros Ornitológicos to move Little Tern to the 'Tertiary list of Brazilian birds' (i.e., the one including species 'with specific record published for the country, but with invalid documental evidence or with unlikely occurrence in Brazil and lacking documental evidence').
Rocas Atoll, along with the Archipelagos of Fernando de Noronha and São Pedro e São Paulo, is found exactly within the convergence zone of the two trade-winds systems. Northeast trade winds blow from subtropical latitudes (ca. 30° N) along the eastern North Atlantic, towards the north-east coast of South America and the Caribbean. South-east trade winds blow from about 30°S, along the coast of Africa, and then across the Atlantic to the tropical South American coast (TOMCZACK & GODFREY 2003) . The prevailing westerly winds in the region are believed to assist the displacement of birds from Africa and Europe to the Americas, explaining their occurrence in the Brazilian oceanic islands (e.g., BENCKE et al. 2005 , FEDRIZZI et al. 2007 ). Therefore, the small terns from Rocas Atoll might tentatively refer to the Old World Little Tern rather than to the Least Tern, although in the lack of tangible evidence, the true identity of these birds is only a matter of speculation.
Seasonal abundance at Cajuais Bank
Least Terns occurred at Cajuais Bank from October 2008 to April 2009, and in September 2009. The highest numbers (>800 individuals) were recorded during January and February (southern summer; Fig. 2 ). The species was observed in rather small numbers (< 30) in March and April (southern early to mid-fall) and in September (early spring), being absent from the area from May to August (southern late fall and winter; Fig. 2) .
From October to December 2008, and in September 2009 (southern spring and early summer), no bird was seen in breeding plumage (Fig. 3) . In January 2009, approximately 32% of the birds were in breeding plumage and with dark tip to yellow bills, while from February to April (southern summer to middle fall) 100% of birds were in breeding plumage (Fig. 3) . In addition, not a single juvenile Least Tern has been observed in the area.
DISCUSSION
Reference works on the distribution of birds in the Americas published up to the late 1990s (e.g., MURPHY 1936 , HELLMAYR & CONOVER 1948 , SICK, 1985 , 1997 all included Brazil in the non-breeding range of the Least Tern. Supporting data were based on a few, old museum specimens. Indeed, much of the knowledge of seabirds from the northern/north-eastern coast of Brazil, roughly between 01°N-05°S, up to the early 2000s are derived from specimens collected in the late 19th and early 20th century (e.g., LIMA et al. 2010) , a period that corresponds to the so-called 'foreigner expeditions' (from 1500 to mid19th century), and 'natural history museums' (from mid-19th century to the 1970s) phases of Brazilian ornithology (ALVES et al. 2008) . Brazilian ornithologists interested in seabirds are mainly resident in southern Brazil, this explaining the relative lack of studies in northern and north-eastern Brazil (AN-TAS 1991 , MORAES-ORNELLAS 2009 . Only very recently has this situation begun to change. For instance, another seabird long regarded to be a Nearctic migrant to the coast of northern Brazil, the Laughing Gull Leucophaeus atricilla (Linnaeus, 1758), was until the late 1990s known in the country almost exclusively from twelve old specimens (e.g., NOVAES 1974 , HENRIQUES & OREN 1997 , OREN 1991 . It was only after recent fieldwork that ornithologists estimate that ~30,000 spend part of the non-breeding season on the northern Brazilian coast (LIMA et al. 2010) .
From the literature and data presented in this study, it may be concluded that the coasts of Maranhão and Ceará are the most important areas of Brazil for Least Terns. In the former State, Curupu Island in the municipality of Raposa is the only known breeding site for the species in the country (RODRIGUES et al. 2010) . Moreover, flocks with up to 170 birds were observed roosting on sandy beaches in the municipality of Cururupu (RODRIGUES 2007) . In Ceará, Cajuais Bank harbours by far the largest numbers of Least Terns (> 1,000) recorded in Brazil. Here, and in the neighbouring States of Piauí and Rio Grande do Norte, suitable roosting and breeding habitats (i.e., sandy beaches, sandbars, tidal flats, lagoons and associated swamps etc.) exist for the species, but this region has never been systematically surveyed for seabirds. Grey-headed Gulls Chroicocephalus cirrocephalus (Vieillot, 1818), Yellow-billed Terns, and Gull-billed Terns Gelochelidon nilotica (Gmelin, 1789) are reported to breed on salt pans on the coast of Rio Grande do Norte (CARLOS 2009). Mangroves and salt-works are a conspicuous feature of Piauí, Ceará and Rio Grande do Norte. The shallow tanks support a large biomass of brine shrimps Artemia sp., which serves as food for waterbirds, while sandbanks amidst the ponds provide nesting and roosting sites (CARLOS 2009). Large concentrations of Least Terns, and as yet to be discovered breeding sites, are likely to occur in coastal areas of Ceará other than Cajuais Bank, Rio Grande Norte and Piauí, but more fieldwork is needed to confirm this hypothesis.
Given that birds banded in the USA have been recovered in the Brazilian Northeast (OLMOS 2002), one can assume that migrant Least Terns mix with residents along the country's northern coast. Most historical and recent Brazilian records of Least Terns were from the southern spring (September-October) and summer (December-January), not including observation of the species breeding in Maranhão (RODRIGUES et al. 2010) . Although these data suggest some pattern of seasonality, they should be treated with care. REMSEN (2001) summarized the limitations (e.g., low sample effort, accessibility of study areas, bias towards the field seasons etc.) of determining the seasonal distribution of migratory species. Our analysis of data from Cajuais Bank presented in this study is the first attempt to assess the seasonal abundance of Least Terns in Brazil. ZOOLOGIA 30 (2): 135-142, April, 2013 In the USA, the Least Tern usually breeds from mid April to July, after which it migrates to wintering (contra-nuptial) areas in the Caribbean and northern South America (GOCHFELD & BURGER 1996 , THOMSON et al. 1997 . At Cajuais Bank, the species was present from September-April (southern spring to early-fall), but absent during May-August (southern late-fall to late-winter). Highest numbers were observed in January-February, while lower numbers were observed in March-April, and in September. Birds arrive at Cajuais bank in the spring, are very abundant there all through the summer, and leave the area from early-fall onwards. This pattern seems to be consistent with what would be expected for migratory birds. In Suriname, the nearest place for which published data on seasonal numbers of Least Terns are available, SPAANS (1978) recorded the species in all months but December, with highest numbers in May (southern late-fall) and in August-September (southern late-winter and early-spring). Differences in peak abundance of Least Terns between Cajuais Bank and the Surinam coast suggests that birds spending the non-breeding season in north-eastern Brazil pass through the Guiana's coast while en route to and from their breeding grounds.
Observation of seasonal plumage types (i.e., breeding or non-breeding) also supports the hypothesis that Least Terns at Cajuais Bank are migrants from elsewhere. In this species, moult to non-breeding plumage begins during the breeding season, and is completed while birds are on their non-breeding grounds. Moult to breeding plumage generally commences in February (THOMPSON et al. 1997) . In the spring, almost all terns at Cajuais Bank were already in non-breeding plumage, and with black bills. Most likely, they will have completed this moult somewhere along northern Brazil before arriving in Ceará. By February, just before most terns leave Cajuais Bank, they were all in full-breeding plumage and with dark tipped to yellow bills, thus apparently moulting a little earlier than reported in the literature (THOMPSON et al. 1997) .
In Maranhão, Least Terns were found breeding in MayJuly (RODRIGUES et al. 2010) , curiously the same breeding period of their North American counterparts. Birds at Cajuais Bank, however, are unlikely to be part of a local-breeding population, because during the winter they were absent, not only from tidal flats, but also from adjacent beaches and inland habitats (e.g., salt works, salt flats, mangroves, lagoons, etc.). In contrast, some individuals of other migratory species, such as the Semipalmated Plover Charadrius semipalmatus Bonaparte, 1825, and the Common Tern, remained in the area during the winter (unpublished data); these were presumably immature birds that had hatched in the previous year. No data on dispersal of the Brazilian-breeding birds are available to date (RODRIGUES et al. 2010) , but due to the abundance of safe, roosting and foraging habitats near their colony, it is unlikely they wander very far.
The United States Fish and Wildlife Service does not recognize any subspecies of Least Tern. The agency considers instead the three populations as distinct geographic units, of which the California and Interior populations are listed as federally endangered because of population declines related to habitat loss (USFWS 1985 (USFWS , 1990 . Assuming that the birds at Cajuais Bank are North American migrants, they could be either from the non-federally listed Eastern population or from the Interior population. The assignment of Least Tern individuals to any population (or subspecies) on the basis of morphology is very difficult, due to lack of clear differences among populations (TH- OMPSON et al. 1997 , DRAHEIM et al. 2010 , but see JOHNSON et al. 1998 . The two USA birds recaptured in Brazil were banded in Florida and near Boston, respectively (OLMOS 2002) , indicating that they belonged to the Eastern population. However, the occurrence of the Interior Least Tern in Brazil cannot be ruled out, because GOCHFELD & BURGER (1996) and THOMPSON et al. (1997) indicate that Brazil is within the non-breeding range for this population, although they do not cite explicit evidence.
Regardless of the subspecific identity of Least Terns, Cajuais Bank (and adjacent beaches and inland environments) holds the largest numbers of the species recorded in Brazil, thus being one of the most significant sites along the migratory route of the species. The area is the largest tidal plain in Ceará, and is probably the most important stopover site for migratory birds in the State, and among the most important in the country. This assumption is further corroborated by the recent discovery of significant flocks (> 500 individuals) of Red Knots Calidris canutus rufa (Wilson, 1813) (unpublished data) using this area, as well as its importance to Least Terns.
A partnership was established between local non-governmental organizations, Universities, and four coastal municipalities to produce a preliminary assessment, and on February 2009 a formal request was filed with the Brazilian Ministry of Environment to promote the creation of a large Marine Protected Area that would encompass critical coastal habitats as the Cajuais tidal plain and its associated mangroves.
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